Several clones specific for tyrosine hydroxylase [tyrosine 3-monooxygenase, L-tyrosine, tetrahydropteridine:oxygen oxidoreductase (3-hydroxylating), EC 1.14.16.2] have been identified from a rat PC12 library by using the previously characterized clone pTH-1. The most complete of these, pTH-51, is 1758 base pairs long and covers most of the length of the mRNA, including the entire coding and 3' untranslated region. The polypeptide has an estimated molecular weight of 55,903 and some of its characteristic features are discussed.
MATERIALS AND METHODS Materials. Enzymes, except stated otherwise, were from Bethesda Research Laboratories. Reverse transcriptase was obtained from J. Beard (Life Sciences, St. Petersburg, FL). DNA polymerase I, terminal deoxynucleotidyltransferase from calf thymus, oligo(dT)-cellulose (T7), and the 17-base synthetic M13 primer were from P-L Biochemicals. Nitrocellulose filters were purchased from Millipore (HAWP type). [a-32P]dNTPs (>400 Ci/mmol; 1 Ci = 37 GBq) were purchased from the Radiochemical Centre.
Construction and Isolation of TyrOHase cDNA Clones. Polyadenylylated mRNAs were obtained from PC12 cells as reported (15) . Double-stranded cDNA was synthesized as in ref. 16 and fractionated in a 5-20% sucrose gradient. The longest molecules [>'600 base pairs (bp)] were inserted into the Pst I site of pBR322 by oligo(dGdC) tailing (17) . The recombinant plasmids were used to transform Escherichia coli strain MC1061 (18) by the efficient procedure described by Hanahan (19) . Colonies were plated at high density on 22-cm-square nitrocellulose filters overlying LB agar containing 15 ,ug of tetracycline per ml according to Grosveld (20) . Approximately 50,000 recombinant clones were obtained from 5 ,g of poly(A)+ mRNA. Colonies on duplicate nitrocellulose filters were lysed as described by Thayer (21) and screened under stringent conditions by in situ hybridization with the pTH-1 insert, 32P-labeled by nick-translation (22) (2 x 108 cpm/;.&g). Filters were prehybridized for 2 hr at 65°C with 0.45 M NaCl/0.045 M sodium citrate (3x NaCl/ Cit)/lOx concentrated Denhardt's solution (Denhardt's solution = 0.02% polyvinylpyrrolidone/Ficoll/bovine serum albumin)/0.1% NaDodSO4/10% dextran sulfate and containing denatured sonicated E. coli and salmon sperm DNA at 50 ,ug of each per ml. The filters were then placed in a fresh sample of the same solution and denatured hybridization probe was added. Hybridization was permitted to take place at 65°C for 18 hr. The filters were then washed at 65°C five times for 30 min in 3x NaCl/Cit/lOx Denhardt's solution/0.1% NaDodSO4 and then four times successively in 2x NaCl/Cit, 0.3 x NaCl/Cit, and 0.1 x NaCl/Cit/0. 1% NaDodSO4. The filters were exposed on Fuji RX x-ray film.
Nucleotide Sequence Analysis. The cDNA inserts were excised from the plasmids by restriction endonuclease digestion using Pst I. The inserts or their fragments were separated on 1.2% agarose gels, electroeluted from the gel on DEAE NA 45 membranes (Schleicher & Schull), extracted with phenol, and precipitated with ethanol. DNA sequences were determined by the chain-termination method of Sanger et al. (23) Allowing for -100 3' deoxyadenosine residues and considering that the TyrOHase mRNA has an estimated size of 1900 nucleotides (14) , this clone must be almost full length.
The sequence of pTH-51 showed that an ATG codon is located 12 nucleotides from the oligo(dGdC) tail at the 5' end ( Fig. 2 ). This ATG is preceded by the nucleotides C-A-C at positions -4, -3, and -2, respectively, which represent consensus sequences present in most eukaryotic genes (25, 26) . This (Fig. 3) . Nucleotides -12 to -18 in rat were determined from a genomic clone for comparison (results not shown). The ATG in beef is also preceded by the consensus sequence C-A-C at positions -4, -3 and -2, respectively. The cytidine that precedes the beef ATG initiation site is more frequently observed than the corresponding thymidine in rat (25) . Strikingly, 13 out of 15 nucleotides are common to beef and rat sequences downstream from the ATG compared with only 7 out of 18 when going upstream. To assign secondary structural properties to regions of the protein sequence, we developed a computer program based on the algorithm of Chou and Fasman (27) (Fig. 4) . Of 498 amino acids of TyrOHase enzyme, 89 were predicted to be in a-helical regions (asterisks in Fig. 4 ). Only 16 were assigned to j-sheet regions ("b" in Fig. 4 ).
DISCUSSION
The present study has led to the isolation of a cDNA clone pTH-51-that contains the complete coding and downstream 3' sequences of TyrOHase mRNA.
TyrOHase is present in low concentration in mammalian tissue and no protein sequence data have been reported. Only one open reading frame is present in pTH-51 and we have ascertained that the ATG codon located at nucleotide 12 corresponds to the initiation codon on the two following arguments. First, the CAC nucleotides preceding the ATG in positions 8, 9, and 10, respectively, and especially the highly conserved purine three nucleotides upstream from the initiation codon correspond to a consensus sequence that contribute to recognition of the initiation site in most eukaryotic mRNA (25, 26 phatidylinositol (33) . Interestingly, the first hydrophobic domain at the NH2 terminus is reminiscent of a signal peptide sequence (34) and could be responsible for interaction of the protein with secretory vesicles (35) . The most striking observation concerns the charge repartition and two domains are clearly distinguishable. The NH2-terminal part, until about amino acid 300, is positively charged whereas the COOHterminal part has a high density of negative charge. An isoelectric point of 6.4 has been calculated from the sequence in Fig. 2 . This value agrees closely with that reported for beef TyrOHase (36) . When this enzyme is treated with chymotrypsin, the resulting protein that possesses TyrOHase activity has a molecular weight of 34,000 and an isoelectric point of 4.9 (36) . Interestingly, the calculated isoelectric point corresponding to the last 258 amino acids is 5.48. Clearly then, this fragment should include the COOH terminus. Partial sequence data obtained in our laboratory from a beef cDNA clone show that beef and rat TyrOHase are very homologous (unpublished data) and we may then infer from this discussion on charge distribution and proteolytic cleavage that the enzymatic site is located on the COOH-terminal part of the molecule.
Inspection of possible sites of cAMP-dependent protein kinase phosphorylation sites leads to the same conclusion. It is generally found that serine residues, which are good candidates for such phosphorylation, are preceded in positions -2, -3 or -3, -4 by the positively charged amino acids Arg-Arg or Lys-Arg, respectively (37, 38) . Such serine residues are present at positions 40 and 153. After treatment with chymotrypsin, the enzyme can no longer be phosphorylated (39) , which confirms that the enzymatic site is located in the COOH-terminal domain.
TyrOHase cDNA clones have been used to study the regulation of expression of the TyrOHase gene in various brain tissues (40) . The availability of the nearly complete sequence of the corresponding mRNA reported here will provide a ba- 
